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Abstract 
Objectives: The purpose of this study was to determine if Acceptable Noise Levels 
(ANL) are related to subjective quality ratings at varying signal-to-noise ratios (SNR) in 
normal- hearing individuals. 
Design:    The study included 13 adult listeners with normal hearing who participated in 
two tasks.  The first task was the ANL test that was administered with the standard 
clinical protocol established by Nabelek (2004).  The second task was rating sound 
quality using five different scales (overall, loudness, pleasantness, background noise, and 
clarity) in the presence of varying SNRs (-10 dB SNR, 0 dB SNR, 10 dB SNR, 20 dB 
SNR, and 30 dB SNR).   
Results:  The ANL scores ranged from -4 dB SNR to 17 dB SNR, with an average of 3.5 
dB SNR and a standard deviation of 5.2 dB.   Quality ratings varied significantly as a 
function of SNR, but the effects of SNR did not differ significantly across scale.  ANL 
scores were significantly correlated for pleasantness at 10, 20, and 30 dB SNR, for clarity 
10 and 20 dB SNR, and for background noise 20 dB SNR.  Results were also considered 
in terms of the values of listeners’ quality ratings at the dB SNR corresponding to the 
ANL. On average, the quality ratings that occurred at the dB SNR corresponding to the 
ANL were a 3.7 on the overall scale (with 10 being the best), a 3.7 on the clarity scale 
(with 10 being the clearest), a 3.8 on the pleasantness scale (with 10 being the most 
pleasant), a 5.5 on the loudness scale (with 10 being the loudest), and a 6.2 on the 
background noise scale (with 10 being noisiest).    
Conclusions:  The data revealed two main relationships.  First, ANL is significantly 
correlated to sound quality for several scales (pleasantness, clarity, and background 
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noise) for SNRs at 10 dB and above.   Second, noise tolerance, as measured by the ANL, 
is associated with sound quality perception in the following way:  when sounds are at 
SNRs that are at or above a listener’s ANL, the quality rating will be at least a 6 (on a 10 
point scale). 
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Introduction 
 Background noise has been one of the primary complaints from users of hearing 
aids in the past.  Many people who would benefit from hearing aids find that they are 
often not pleased with them and have trouble wearing them in noisy environments 
(Nabelek, Tucker, & Letowski, 1991).  Predicting how comfortable and effective a 
hearing aid will be for an individual person can be difficult(Crowley & Nabelek, 1996).  
In fact, according to Crowley and Nabelek (1996), hearing aid wearers have been found 
to complain about their fittings more than any other prostheses (Crowley & Nabelek, 
1996). Kochin (2010) reported that 35% of the users complained that it was extremely 
difficult to hear in noise, that 17.3% of the users were dissatisfied with their hearing aids, 
and 12.4% of hearing aids were in the drawer (not used) (Kochkin, 2010).  This means 
that 698 users were dissatisfied, 345 users found it extremely difficult to hear in noise, 
and 247 users left their hearing aids in the drawer not using them.  Due to the number of 
dissatisfied customers being very high, and the lack of uniform success with hearing aids, 
the National Institutes of Health has made research related to hearing aid outcomes a 
priority area for research in 2011, and has published a current request for proposals in the 
NIH bulletin (“Development of outcome measures to determine success of hearing health 
care,” 2010).  Researchers have been searching for why hearing aids are better for some 
users more than others, in order to better predict who will be successful hearing aid users. 
  Several tests have recently been developed to help with this process.  One recent 
tool is the Acceptable Noise Level (ANL) test (Freyaldenhoven, Nabelek, Burchfield, & 
Thelin, 2005).   The ANL is a test that is used by audiologists to predict whether or not a 
person will be successful with hearing aids. The ANL is based on this premise that 
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tolerance of background noise is one of the primary factors affecting use in hearing aids.  
Hearing aid dissatisfaction has been found to often relate to background noise (Nabelek 
et al., 1991).  Nabelek et al (1991) investigated how much noise different groups of 
subjects would tolerate (Nabelek et al., 1991).  The study included a group of 15 
participants with normal hearing, 15 participants who were full time hearing aid users, 15 
participants who were part-time hearing aid users, and 15 listeners with hearing loss who 
did not use hearing aids.  The authors reported that part- time hearing aid users differed 
significantly from normal- hearing listeners, and nonusers for acceptance of speech- 
spectrum noise (Nabelek, et al., 1991).   This correlation forms the premise of the ANL 
regarding background noise.  A prediction of a listener’s success with hearing aids can be 
made off this measurement because the amount of speech babble that listeners are willing 
to accept varies significantly between the groups of listeners who are successfully using 
hearing aids and those who are not successfully using hearing aids. 
The ANL measures the level of speech babble (background noise) a person can 
tolerate when that noise is presented simultaneously with speech.   This level of noise is 
quantified using the “signal-to-noise ratio” (SNR) which is a ratio of signal power (in 
decibels, dB) compared to noise power (in dB) corrupting the signal.  The ANL uses 
SNRs to see what noise level a person can put up with for an extended period of time.  
The ANL score is the SNR that listeners think they might be able to listen to for an 
indefinite period of time without much stress or annoyance due to the background noise.   
A larger amount of noise is tolerated for a person with a lower SNR score.  Hence, the 
lower the ANL score the more likely the person is to be a successful hearing aid user.   
The ANL is highly variable from subject to subject.  The variability of the ANL 
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scores is evidenced by the ranges and standard deviations of ANL scores across listeners.  
Crowley and Nabelek (1996) found that their participants had ANL scores with a mean 
score of 7.6 dB SNR with the standard deviation of 6.5 dB SNR and a range of -0.5 to 
26.0 dB SNR (Crowley & Nabelek 1996).  Freyaldenhoven et al (2006) obtained ANL 
scores from their listeners with a mean score of 12.9 dB SNR, standard deviation of 5.2 
dB SNR, and range of 4 to 24 dB SNR (Freyaldenhove, Smiley, Muenchen, & Konrad 
2006).  Finally, Nabelek et al (1991) reported a mean ANL of 11.7 dB SNR, with a 
standard deviation of 7.6 dB SNR, and range of 0 to 27 dB SNR (Nabelek et al., 1991).  
These studies show that the ANL is quite variable between people, but that generally a 
subject’s ANL score will fall between -0.5 to 27 dB SNR.       
 The ANL has been found to be very good at predicting hearing aid use for 
patients (Nabelek, Tampas, & Burchfield, 2004). Successful hearing aid users typically 
have ANL scores below 8 dB SNR whereas individuals who lack success with hearing 
aids have ANLs greater than 8 dB (Nabelek et al., 2004).    In Nabelek et al (2004), it was 
found that full-time hearing-aid users had a mean ANL score of 7.2 dB SNR, while part-
time hearing-aid users had a mean ANL score of 11.6 dB SNR (Nabelek et al., 2004).  
These findings were consistent with Nabelek et at (1991), as well as Nabelek et al (2003) 
in which it was reported that full-time hearing-aid users had smaller ANL scores than 
part-time hearing-aid users (Nabelek et al., 1991), (Nabelek, Burchfield, & Webster, 
2003).  The correlation that full-time hearing-aid users have a smaller ANL than part-
time hearing-aid users has made the ANL and important new test in hearing aid fittings.  
This test could help to better fit people in the future if more was known about it.  
Furthermore, the ANL score has been found to have high test- retest reliability. 
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For example, Freyaldenhoven et al (2006) reported a correlation coefficient of r= 0.81 
between the first test, the second test and third test conducted in three separate test 
sessions each one week apart (Freyaldenhoven et al, 2006).  This study was the first study 
to look at the reliability of the ANL in listeners with normal hearing.  The correlation that 
was found between the tests showed that the ANL scores had a high test- retest value for 
scores obtained over a three-week period in normal-hearing listeners.  In this study, it was 
also found that the ANL did not change over sequential test sessions (Freyaldenhoven et 
al, 2006).  Similarly, in Nabelek et al (2004) the ANL was found to be reliable over a 
three-month period in participants with a hearing loss  (Nabelek et al., 2004).  The study 
found that there was a lack of change over the acceptance of background noise for a 3-
month period for 41 full-time hearing aid users, and nine part-time hearing aid users 
(Nabelek et al., 2004).   This consistency means that an ANL score can measured for a 
hearing-aid candidate and be used in order to aid in hearing aid fittings prior to purchase 
helping the audiologist predict the success of the patient. 
Scientists have pondered what factors underlie the variability in ANL scores.  If 
the mechanisms contributing to this variability are better understood, then it may be 
possible to more effectively predict who will be successful with hearing aids.  Lowering 
ANL scores by understanding the mechanisms that underlie the ANL could better assist 
individuals with a hearing impairment giving them a better experience with their 
prostheses.  By making the hearing aids have a better fit more people will be more 
pleased with the results that the hearing aids yield.  This may make the difference for 
individuals in their day to day life in terms of what activities they choose to participate in,  
and in terms of how they socialize and communicate with those around them. 
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Many factors have been investigated as possible mechanisms underlying noise 
tolerance as measured with the ANL.  These factors include hearing status, gender, 
speech recognition in noise, subjective preferences for noise, and age.  The studies have 
reported some associations, but no factor has been identified that leads to a clear 
understanding of the underlying mechanism that determines an individual’s ANL score.  
Reviewing past studies may help to provide guidance in the future that will better 
illuminate how the ANL score is selected by a listener.   
 Several studies have explored a possible relationship between ANL scores and 
hearing status. For example, in Nabelek et al (1991), it was found that tolerated SNRs in 
groups of subjects with varying amounts of hearing loss were not related to hearing status 
(Nabelek et al., 1991).  Another study investigated whether ANL scores were related to 
whether a listener wore monaural or binaural amplification.  In Freyaldenhoven et al 
(2006), the researchers tried to find a significant correlation between the ANL and type of 
amplification (Freyaldenhoven, Plyer, Thelin, & Burchfield, 2006).  The study included 
39 adults who had worn binaural hearing aids for at least three months.  ANL was run on 
each subject for the monaural right, monaural left, and binaural amplification conditions.  
A one-way repeated measures ANOVA was performed to evaluate the effects of 
monaural and binaural amplification on ANL (Freyaldenhoven et al., 2006). This analysis 
revealed no significant correlation.   
 Other studies have considered whether the ANL is related to listener gender.  For 
example, Rogers et al (2003) attempted to correlate gender and ANL scores by looking at 
the comfortable listening levels for speech, as well as the acceptance of background noise 
for 50 (25 female and 25 male) individuals (Rogers, Harkrider, Burchfield, & Nabelek, 
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2003).  In the ANL test the subject first chooses a most comfortable listening level 
(MCL).  MCL is the level at which the subject prefers to listen to the speakers voice.  
After finding MCL, background noise is added and the background noise level (BNL) is 
indicated by the subject.  BNL is the level of background noise that the listener could 
tolerate for an extended period of time.  This study found that there was a significant 
difference in the MCL (males on average had a 6-dB higher MCL than females) and BNL 
(males had on averages a 7-dB higher BNL than females) between males and females, 
but when the ANL was calculated from these two numbers a significant difference did 
not occur (Rogers et al., 2003).  The average ANL for a female subject was 11.4 dB with 
a range of 0 to 24.7 and a standard deviation of 7.7 (Rogers et al., 2003).  The average 
ANL for a male was 10.4 dB with a range of 0 to 24.0 and a standard deviation of 6.6 
(Rogers et al., 2003).  These data show that there is not a significant correlation between 
ANL scores and gender (Rogers et al., 2003).  This is congruent with Crowley and 
Nabelek (1996), who also found that ANL scores were not significantly related to gender 
(Crowley & Nabelek, 1996).  Another factor that may mediate the ANL is speech 
perception in noise.  That is, how well a person understands speech in a noisy 
environment may be related to their ANL scores.  However, several studies have shown a 
lack of a strong association between the ANL and speech intelligibility in noise.  For 
example, ANL score have been found to have no significant correlations to the Speech-
In-Noise (SPIN) test.  The SPIN test is another test frequently used in audiological 
evaluation.  Harkrider and Smith (2005) compared the ANL results with the SPIN test 
(Harkrider & Smith, 2005).  The SPIN test is a speech-in-noise test that attempts to see 
the number of words a subject can understand while varying amounts of noise are present.  
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No significant correlations were found between the two, suggesting performance on the 
ANL and SPIN tests are mediated by different factors.  This study was important because 
it shows that the ANL is not a replacement for the SPIN test, but instead is its own entity 
that gives clinicians different information for a hearing aid fitting (Harkrider & Smith, 
2005).  Similarly, in the same study Harkrider and Smith (2005) tried to find a 
relationship with the ANL and Phoneme Recognition in Noise (PRN) test (Harkrider & 
Smith, 2005).  This test also involves speech recognition.  Again, no significant 
correlations between the two tests were found, further strengthening the resolve that the 
ANL is not determined by a listener’s ability to perceive speech in noise (Harkrider & 
Smith, 2005). 
 Freyaldenhoven et al (2006) explored whether listeners’ ANL scores were related 
to their preference for background noise (Freyaldenhoven, et al., 2006).  The premise for 
this possible association came from the idea that if people preferred to listen to 
background noise while working they would have a significantly lower ANL score than 
subjects who preferred quiet in their everyday lives.  The study was performed by having 
subjects’ ANL measured and then compared to a preference for background sound 
questionnaire seeing if the two were correlated, however no significant correlations 
resulted (Freyaldenhoven, et al., 2006).  Lack of significant correlation between the ANL 
and surveys for background noise concluded that the ANL was not related to a person’s 
preference for background noise, but instead it was possibly related to a factor not yet 
tested.   
 Finally, several studies have considered whether there is an association between 
ANL and age.  That is, does tolerance for noise as measured with the ANL increase (or 
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decrease) as a function of age?  For example, Nabelek et al. (1991) compared three 
groups of elderly subjects with varying degrees of hearing loss to a group of young 
subjects with normal hearing (Nabelek, et al., 1991).  The three groups of elderly subjects 
varied in hearing status and ranged from age 65 to 84.  The young group all had normal 
hearing and ranged from age 18 to 32 (Nabelek, et al., 1991).  The two groups ANL 
scores were compared and found to have no significant correlations in any of the groups 
(Nabelek, et al., 1991).  The lack of significant correlations found between ANL scores 
and age showed the ANL’s independence from age.   
 In summary, ANL is not strongly associated with factors such as hearing status, 
gender, speech intelligibility in noise, subjective preference for noise, or age.  In this 
paper, we consider whether sound quality might be a factor associated with the ANL. 
  Past studies have shown that sound quality is significantly correlated to 
background noise.  For example, Arehart et al (2010) considers how quality ratings for 
speech are affected by different amounts of background noise (Arehart, Kates, & 
Anderson, 2010).  The subjects were asked to rate the quality of the speech on a scale of 
1.0 (bad) to 5.0 (excellent) in varying conditions of the following SNR’s: none (clean 
speech), 20, 15, 10, and 5 dB.  The study found that subjects reported significantly lower 
quality ratings as the amount of noise increased.  Similarly, in Davies-Venn et al (2007) 
subjects rated speech and noise on the quality scales of overall impression, loudness, 
pleasantness, and intelligibility (Davies-Venn, Souza, & Fabry, 2007).  The data revealed 
that subjects rated a +6 dB SNR as less pleasant, less intelligible, louder, and poorer 
overall quality than a +10 dB SNR condition (Davies-Venn et al., 2007).  This supported 
the idea that noise degrades quality.  The association between lower quality ratings and 
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noise demonstrated that as noise level increases the quality of speech is corrupted, 
showing that speech quality is significantly degraded by noise.   
 In order to consider the possible relationship between the ANL and sound quality, it 
is important to consider the methodology that has been used in sound quality experiments. 
Many studies have used sound quality, which provides a variety of ways in order to 
facilitate sound quality ratings by listeners.  In Gabrielsson and Lindstrom (1985) in order 
to collect sound quality ratings, the scales of clarity, pleasantness, and other quality scales 
were utilized (Gabrielsson & Lindstrom, 1985).   The rating scales were number scales 
from 0 to 10, with verbal descriptions associated with the numbers along the scale. For 
example, clarity was defined as, “ (related words are clearness, distinctness, pureness) 
means, of course, that the sound reproduction is clear, distinct, pure, that you can clearly 
hear and distinguish different instruments and voices, that instruments and voices sound 
clear, indistinct, impure reproduction, which also can be characterized by words such as 
diffuse, muddy, thick, mushy, noisy, distorted, and rough” (Gabrielsson & Lindstrom, 
1985, p.51).  Gabrielsson and Lindstrom (1985) also included descriptions under the 
scales at 1, 3, 5, 7, and 9 (Gabrielsson & Lindstrom, 1985).  For example, on the scale for 
clarity 1 was labeled very unclear, 3 was labeled rather clear, 5 was labeled midway 
position, 7 was labeled rather clear, and 9 was labeled very clear (Gabrielsson & 
Lindstrom, 1985).  This allowed listeners some context which they could use to make 
their sound quality ratings.  Other authors have utilized and extended the scales 
developed by Gabrielsson and Lindstrom (1985).  For example, Davies-Venn et al (2007) 
used similar rating scales.  These scales contained descriptions underneath the scales, but 
gave directions that varied from the Gabrielsson and Lindstrom (1985) (Davies-Venn et 
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al., 2007).  The experiment by Davies-Venn et al (2007) used four scales: overall 
impression, loudness, intelligibility, and pleasantness.  An example of a definition that 
was given from Davies-Venn et al (2007) experiment was “Overall Impression: 
Considering everything that you have heard, what do you think about the sound?” 
(Davies-Venn et al., 2007).  Another example is, “loudness: How loud, strong, or forceful 
is the sound? The opposite of loud is soft, weak or timid/faint” (Davies-Venn et al., 2007).  
These definitions were much shorter than the Gabrielsson and Lindstrom (1985) 
definitions, but still provided the listener with a little more context than just having short 
descriptions underneath the scales.  
 The strong relationship between sound quality ratings and SNR suggests that there 
might be a relationship between noise tolerance, as measured by the ANL, and sound 
quality ratings.  The current study explores this possible relationship by comparing the 
quality ratings that the listeners give to their ANL score. This comparison will test the 
hypothesis that ANL scores are related to quality ratings, based on the premise that 
quality ratings are degraded by background noise.  The study used five different quality 
scales (overall, clarity, background noise, pleasantness, and loudness) as well as five 
different SNRs (-10, 0, 10, 20, 30 dB SNR) for quality ratings of sounds and then 
compares the quality ratings to the ANL scores of the listeners.  The results will provide 
insight into whether or not quality ratings with varying SNR’s are related to ANL scores 
of the participants.  
Methods: 
Listeners:  
Participants in this study included 13 adults with normal hearing (NH).  All 
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listeners had audiometric thresholds of 20 dB Hearing Level (HL) or better at frequencies 
of 250 to 8000 Hz.  All participants were recruited from the Boulder/ Denver area and 
were native speakers of American English.  All participants were tested in sound field in 
a double walled sound attenuated booth, and were compensated $10/ hour for their time. 
Apparatus and Test Materials:  
For all procedures, the participants were placed in a sound-attenuated booth and 
all stimuli were delivered through a loudspeaker placed at ear level 1.5 m from the 
subject at 0 degrees azimuth.  The speech stimuli and background noise was delivered 
through a compact disc (CD) player routed through two separate channels in an 
audiometer.  Both the ANL test and quality rating scales were presented in this manner.   
The test materials included the ANL test which includes a recording of running 
speech spoken by a male talker (Arizona Travelogue, Cosmos Inc.) presented with a 
background noise of multi-talker babble.  The male running speech was presented as the 
speech stimulus, and the multi-talker babble was presented as the background noise.  The 
speech-to-babble (noise) SNR was varied at the levels -10 dB, 0 dB, 10 dB, 20 dB, and 
30 dB for the quality ratings.  
Procedures: 
Participants: 
 The data included 13 participants who are all normal hearing, ranging in age from 
19 to 42.  Prior to participating the listeners were given consent forms outlining the 
procedure they were participating in.  All subjects signed the consent forms before being 
allowed to participate. 
Acceptable Noise Level 
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The ANL was measured according to the instructions included in the test. First, 
the MCL was established from a starting level of 30 dB HL. The subjects were instructed 
to indicate that the level of the story should be turned up until it is too loud using “a clear 
thumbs-up” (tester uses 5-dB steps), giving a flat palm as a signal when they have 
finished. Then, the listeners were instructed to turn the level of the story down until it is 
too soft using “a clear thumbs-down” (tester uses 5-dB steps) giving a flat palm as a 
signal when they have finished. Finally, the subjects turned the level of the story back up 
until it was at their most comfortable listening level (tester uses 2-dB steps), giving a flat 
palm as a signal when they had finished. 
Once the MCL of the story was established, the babble was turned on at 30 dB 
HL. The subjects were instructed to turn the level of the noise up until they could not hear 
the story using “a clear thumbs up” and a flat palm when they have finished (5-dB steps). 
Then, the listeners were instructed to turn the level of the noise down until the story is 
very clear using “a clear thumbs down” and a flat palm when they have finished (5-dB 
steps). Finally, the subjects were instructed to turn the level of the noise back up to the 
most noise that they would be willing to put up with and still follow the story for a long 
period of time without becoming tense or tired (2-dB steps). This level was recorded as 
the background noise level (BNL). The ANL was then calculated by subtracting the BNL 
from the MCL. 
The ANL was established twice throughout the test session in order to assess test- 
retest variability. The first ANL test was administered at the start of the participants’ test 
session.  The second ANL was administered as the last test during the participants’ test 
session.  In this way, there was a time gap of about 30 minutes between determining the 
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two ANL scores. 
Quality Procedure 
Quality ratings were measured using an 11-point rating scale, from 0 to 10, for 
five separate dimensions: clarity, pleasantness, background noise, loudness, and overall 
impression. A paper-and-pencil administration was used for the rating scales.  Each scale 
had three sheets with 5 trials per sheet.  Each trial had a category scale from 0 (minimum) 
to 10 (maximum) with definitions attached to 1, 3, 5, 7, 9 (see Appendix A).  The 
participant was also given a broad definition for each scale on the written instruction 
sheet (see Appendix B). The speaker from the ANL CD was used as the speaker for the 
stimulus, and then the multi-talker babble, found on the ANL CD, was used as the 
competing background noise in order to create different signal to noise ratios (SNRs). 
Five different SNRs were rated: -10, 0, 10, 20, and 30 dB, with three repetitions of each 
SNR condition (randomized). Each subject rated the total of 15 trials for one dimension 
of quality before moving on to the next dimension (in randomized order). 
The administrator presented the stimuli through the audiometer, with the story in 
channel 1 (external B) and the babble in channel 2 (external A). The tester re-established 
the MCL of the story, as in the procedure above, and records this level before beginning 
the quality ratings.  After the MCL was reestablished, the story stimulus was left at this 
level. The SNR conditions were delivered by adjusting the level of the multi- talker 
babble against the story stimulus (presented at MCL). The administrator followed the 
randomized protocol sheet which contained the order of conditions that corresponded to 
the subject response forms. The administrator gave the following directions in both 
written and oral formats, before beginning the quality ratings: 
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 “You will now listen to the same story with background noise. You will judge 
the sound quality of what you hear using several scales.  The scales are described 
below.  Each scale goes from 0 (minimum) to 10 (maximum).  You may mark any 
place on the scale including in between numbers on the decimals.  I will play the 
sound for each trial and then pause while you make a rating for each trial.  For 
example, I will play the sound for Trial 1. After the sound stops you may rate Trial 
1 on the first sheet by marking a vertical line at any of the points along the scale. 
Please wait until the sound stops and only rate Trial 1. When you have made your 
rating, please say ‘ready,’ and I will play Trial 2. Do you have any questions?” 
On the same paper underneath the written directions the subjects received a brief 
descriptions of the scales as follows:  
“Overall Impression- Considering everything that you have heard, what do you think 
about the sound? 
Pleasantness- How pleasing is the tonal quality of the sound?  The opposite of pleasant is 
unpleasant. 
Background Noise- How prominent is the background noise or ambient noise?  The 
opposite of noisy is quiet. 
Loudness- How loud, strong or forceful is the sound? The opposite of loud is soft, weak 
or timid/faint. 
Clarity- How clear, distinct or pure is the sound?  The opposite of clarity is diffused, 
blurred, or thick.” 
The administrator adjusted the audiometer to the appropriate SNR and played the 
speech stimulus with the designated amount of multi- talker babble for 8 seconds, then 
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pressed pause.  The participant marked their rating for the SNR on the appropriate scale 
at any number or on any of the decimals in between numbers on the scale. When the 
subject was ready for the next trial, the administrator changed the SNR and pressed play 
for another 8 seconds.  Periodically the administrator checked to make sure the trial the 
participant was doing matched the one they were on, and this procedure was repeated 
until all scales had been completed.   
The scales above were designed by looking at the scales used in previous quality 
experiments.  A variety of instructions and scale definitions exist from previous 
experiments.  It was decided that participants in this experiment would be given 
definitions similar to the Davies-Venn experiment due to the fact that these definitions 
added context, but did not give the participant too much to process and think about while 
making a rating.  For the scales of overall impression, loudness, and pleasantness the 
definitions from Davies-Venn et al. (2007) were utilized.  For the scales of clarity and 
background noise the skeleton of the definitions from Davies-Venn et al. (2007) was used, 
and the definitions were determined by pulling words that described these scales from the 
study by Gabrielsson and Lindstrom (1985).  If no description words could be found a 
dictionary was used to find synonyms and antonyms that were appropriate for the scale 
and then the scale was worded to sound like other scales being included. 
Results: 
 Two ANL scores were obtained for each participant.  Table 1 displays the ANL 
scores found for each listener, as well as the mean, standard deviation, and range of the 
ANLs collected from all participants.  The ANL scores were found to have a mean of 3.5 
dB SNR, standard deviation of 5.2 dB SNR, and range of -4 to 17 dB SNR.   
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  Throughout the experiment the ANL test was administered twice to each 
participant.  The ANL trial 1 was administered at the beginning of the test session and 
ANL trial 2 was administered at the end of the test session.  The two test scores were 
found to have a correlation of 0.671 (p=0,012) which shows that the ANL had some test 
retest reliability, but it was not as high as in other studies.  
 Listeners also rated the sound quality of noisy speech.  Specifically, each listener 
participated in 75 quality ratings: 3 repetitions x 5 SNRs (-10 dB, 0 dB, 10 dB, 20 dB, 
and 30 dB) x 5 scales (overall, pleasantness, clarity, loudness, and background noise).  
Figure 1 shows the average quality ratings as a function of SNR for each of the five 
quality scales.  Standard deviation has also been included in these graphs in order to 
demonstrate the variability across subject ratings.  This figure show that quality ratings 
improve as SNR increases and that this improvement is similar across all five rating 
scales.  An analysis of variance (ANOVA) with Bonferroni corrections was run in order 
to determine if the quality ratings were significantly different for the different scales used.  
The ANOVA revealed that the scales overall, pleasantness and clarity did not vary 
significantly from each other (p<0.05).  Background noise and loudness did not vary 
significantly from one another as well (p<0.05).  Background noise and loudness did vary 
significantly from overall, pleasantness, and clarity, but this was to be expected due to the 
nature of how the scales were arranged (see appendix A for scale descriptions). 
 Two analyses were carried out in order to investigate the possible relationship 
between sound quality perception and noise tolerance.  The first analysis was using 
correlations to compare the ANL score and the quality ratings.  Correlations were 
considered for each SNR condition for each rating scale. Table 2 reports the Pearson 
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correlation coefficients and the corresponding p-values.  The majority of correlations 
were not significant.  However, for a few scales a significant negative correlation was 
found. These scales were: pleasantness with a SNR of 10 dB SNR, 20 dB SNR, and 30 
dB SNR, clarity with an SNR of 10 dB SNR, and 20 dB SNR, and background noise with 
a 20-dB SNR. 
 The conditions that yielded significant correlations are illustrated in Figure 2.  This 
figure shows on certain quality scales, there is a systematic relationship between ANL 
scores and listener quality ratings.  Listeners with a lower ANL score (who had more 
tolerance to noise) also rated the sounds as having a poorer sound quality. 
  The second analysis focused on the following question: Do listeners rate speech 
quality in similar ways at their ANL, despite variability in the absolute value of the ANL.  
The first step in this analysis was to use visual inspection of the data in order to estimate 
the quality rating corresponding to the ANL score.  For each scale the listener’s quality 
ratings were graphed, so that the quality rating at each subject’s average ANL could be 
projected.  All projected quality ratings found at the ANL score can be found in Table 3. 
 The quality ratings found for each participant were then averaged for each scale.  
All these values were the graphed and can be seen in Figure 3.  Figure 3 shows the 
quality rating for each subject that corresponds with their ANL score as well as the 
average quality rating found for all the participant’s ANL scores.  The scales overall, 
pleasantness, and clarity were grouped together, and then the scales loudness and 
background noise were group together for analysis due to the nature of how the scales 
were arranged.  In the scales overall, clarity, and pleasantness the ratings went from 0 
portraying poor quality to 10 excellent quality, while loudness and background noise 
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were oriented so that 0 portrayed the best quality and 10 portrayed the lowest quality.   
 When the quality ratings for all 13 subjects were averaged it was found that the 
average quality rating found at ANL scores was 3.7 for overall, 3.7 for clarity, and 3.8 for 
pleasantness.  Similarly, loudness was found to have an average of 5.5 and background 
noise an average of 6.2.  The average quality rating for each subject, as well as the 
average found for each quality scale can be seen in Figure 3.  The data shows the 
following trend: if sound is presented at a quality rating of 6 or better (0 being poor 
quality to 10 being best quality), the subject will be able to tolerate the background noise 
that is being presented.   
Discussion: 
 ANL scores found in this study differed from ANL scores found in previous studies. 
Crowley and Nabelek (1996) reported ANL scores with a mean of 7.6 dB SNR, a range 
of -0.5 to 26 dB SNR and a standard deviation of 6.5 dB SNR (Crowley & Nabelek, 
1996).  Freyandenhoven et al (2006) also reported a mean ANL of 12.9 dB SNR with a 
range of 4 to 24 dB SNR, and a standard deviation of 5.2 dB SNR (Freyaldenhoven, et al., 
2006).  In the present study ANL score were found to have a mean of 3.5 dB SNR, a 
range of -4 to 17 dB SNR, and a standard deviation of 5.2 dB SNR.  The various means 
and ranges of ANL scores speak to the variability that the ANL has between individuals.  
Overall, the mean ANL score found in this study is lower (listeners tolerated more noise) 
than reported in other studies.  It is possible that the variability in the mean was due to the 
fact that the present study did not include subjects who have hearing impairment, while 
the previous studies did include listeners with hearing loss.  This difference may have 
corresponded with the low mean, and if subjects who had hearing impairment were 
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included in the study the mean could change to be closer to what has been documented in 
the past.  Even with the difference in the mean, the standard deviation of the ANL scores 
(5.2 dB SNR) found in this study corresponds to the standard deviation (5.2 dB SNR) 
found in Freyaldenhoven et al (2006).   
 The ANL trial 1 administered at the beginning of the test session and ANL trial 2 
administered at the end of the test session were found to have a correlation of 0.671 
(p<0.05).  This shows that the ANL has a significant test retest reliability in the course of 
two ANL test administered within the same test session.  Previous studies have found 
test- retest reliability for the ANL test, but in previous studies the correlation across test 
sessions was higher than in the current study.  A study that shows this correlation to be 
higher was Freyaldenhoven et al (2006) where it was found that over three separate ANL 
test sessions over three weeks the ANL proved to have a test-retest reliability correlation 
0.79 (Freyaldenhoven, et al., 2006). Likewise, in the study by Nabelek et al (2004), the 
ANL was found to be reliable over a three-month period with a significant correlation of 
0.79.  Although it was expected to find that the participants’ ANL scores would show a 
reliable test-retest correlation between the two sessions, based on previous data it was 
thought that the reliability of the scores would have a higher reliability than the 
correlation of 0.671 (p<0.05) that was found.  It is possible that because the first ANL 
test was given at the beginning of the session the second ANL test that was given at the 
end of the session, the accuracy was not as high, because the patient had been subjected 
to noise varying at different levels while performing quality ratings for around 30 
minutes.  It is possible that the exposure of noise that the listener experienced between 
the two ANL tests affected the ratings.  This would mean that the 30 minutes of noise 
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prior to the second ANL may have made the subject more or less willing to tolerate noise.  
This could have made the test retest reliability of the ANL scores lower than previous 
studies as found in the current data, and could be an interesting question for future studies.   
Quality Ratings: 
 In the current study, a large amount of variability existed in the scales of the quality 
ratings.  Figure 1 depicts graphs showing the average rating that was given to each SNR 
with the standard deviation for each measurement.  The figure shows that lower SNRs 
produced lower quality ratings.  This means that as background noise increases speech 
quality is degraded. This result is supported by previous studies.  In Arehart et al. (2010) 
it was reported that sound quality ratings decreased significantly as noise increased 
(Arehart et al., 2010).  Likewise, Davies-Venn et al. (2007) found that a +6 SNR was 
rated as being less pleasant, less intelligible, louder, and of poorer overall quality than the 
+10 SNR also presented (Davies-Venn et al., 2007).  The results of this study corroborate 
the previous findings that as SNR worsens, so too does perception of sound quality.   
 The ANOVA that was run comparing the variability between scales showed that the 
scales did not vary significantly from each other.  This is important because it further 
shows the idea that quality on all scales is driven more by SNR than even by the 
definitions attached to the scale.  This is consistent with finding by Davies-Venn et al. 
(2007).  In this study it was found that when the quality ratings of overall impression and 
pleasantness were compared to see if they were strongly related, it was found that they 
had a Pearson correlation of 0.85.  This means that they did not significantly differ.  This 
is important to consider when designing future experiments because if the scale do not 
vary, it may be possible to do experiments with less quality rating scales and thus, save 
The Relationship between Acceptable Noise Level and Sound Quality     #% "
time.    
ANL Correlations to Quality Ratings: 
 A correlation may have been expected to be found due to Arehart et al (2010) and 
Davies-Venn (2007) which found that as background noise increased sound quality was 
degraded.  Since the premise of the ANL is how much background noise an individual 
can tolerate for an indefinite period of time without becoming tense or tired, the 
relationship with sound quality ratings would make sense.  The ANL was found to 
correlate with pleasantness at 10 dB, 20 dB, and 30 dB SNR, clarity at 10 dB, and 20 dB 
SNR, and background noise 20 dB SNR.   The significant correlations were found by 
analyzing ANL scores and quality ratings with a Pearson correlation.  These correlations 
can be found in Table 2, and can be seen illustrated in a scatter plot in Figure 2.   
 The present study found another interesting relationship between ANL scores and 
quality ratings.  Because noise has been shown to significantly degrade sound quality for 
all listeners, sound quality may drive the perceived tolerability of noise or vice versa 
(Arehart, et al. 2010).  In order to obtain a quality rating above a 6 on a 0 (lowest, or 
worst sound quality) to 10 (highest, or best quality) the SNR must be above the subject’s 
ANL score.  This would mean that if clinicians were able to improve quality of hearing 
aids catering to the ANL score of individuals it is possible that hearing aids may be able 
to be fit better to patients. 
 This elaborates on previous studies done with both the ANL and quality ratings.  In 
Arehart et al. (2010), it was found that subjects reported significantly lower quality 
ratings as noise amount increased.  This was also evident in Davies-Venn et al. (2007), 
which also showed that sound quality was degraded as background noise increased.  The 
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present study not only validates this point yet again, but it also gives a level of quality 
rating that corresponds to the ANL test. 
 The present study is an important step in knowledge of the ANL test.  Many studies 
have considered factors that were shown to not be associated with ANL scores.  Both 
Nabelek et al. (1991) and Freyaldenhoven et al (2006) looked to see if the ANL was 
related to hearing status and found no correlations.  Rogers et al. (2003) tried to see if the 
ANL was related a listener’s gender, but found that the two were not related.  Other 
studies have tried to relate the ANL to speech intelligibility in noise, subjective 
preference for noise, and even to age.  None of these studies were successful in finding a 
relationship with the ANL.  In contrast, this study shows that the ANL is related to sound 
quality ratings for SNRs that are in the ranges of ANL scores. 
Conclusions: 
 ANL and sound quality are related.  Since the ANL is based on the background 
noise that a person is able to tolerate, and speech quality is degraded with background 
noise, this relationship should have been expected.  In order for a quality rating of six or 
above to be obtained, the SNR must be above the subject’s ANL score.  This study will 
be extended to see if listeners with hearing loss also show a relationship between ANL 
scores and sound quality ratings. 
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Appendix A: 
 
Appendix B: 
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Quality Scale Instructions: 
 
You will now listen to the same story with background noise. You will judge the sound 
quality of what you hear using several scales.  The scales are described below.  Each 
scale goes from 0 (minimum) to 10 (maximum).  You may mark any place on the scale 
including in between numbers on the decimals.  I will play the sound for each trial and 
then pause while you make a rating for each trial.  For example,  I will play the sound for 
Trial 1. After the sound stops you may rate Trial 1 on the first sheet by marking a vertical 
line at any of the points along the scale. Please wait until the sound stops and only rate 
Trial 1. When you have made your rating, please say ‘ready,’ and I will play Trial 2. 
Do you have any questions? 
 
!
"#$!%&'($%!')$!*$+,-$*!'%!+.((./%0!
!"#$%&&'()*$#++,-.1!2.-%,*$),-3!$4$)56#,-3!6#'6!5.7!#'4$!#$')*8!/#'6!*.!
5.7!!! 6#,-9!':.76!6#$!%.7-*;!
/&#%+%.0.#++1!<./!=($'%,-3!,%!6#$!6.-'(!>7'(,65!.+!6#$!%.7-*;!!"#$!.==.%,6$!
.+!! ! =($'%'-6!,%!7-=($'%'-6?!
1%234$-5.6'7-,+#1!<./!=).@,-$-6!,%!6#$!:'&93).7-*!-.,%$!.)!'@:,$-6!
-.,%$;!! ! "#$!.==.%,6$!.+!!-.,%5!,%!>7,$6?!
8-56.#++1!<./!(.7*8!%6).-3!.)!+.)&$+7(!,%!6#$!%.7-*;!"#$!.==.%,6$!.+!(.7*!
,%!! ! %.+68!/$'9!.)!6,@,*A+',-6?!
9&%$,0:1!<./!&($')8!*,%6,-&6!.)!=7)$!,%!6#$!%.7-*!;!!"#$!.==.%,6$!.+!&('),65!,%!!
! *,++7%$*8!:(7))$*8!.)!
6#,&9?
 
 
 
Table 1: ANL Scores of Participants 
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TABLE 1 ANL Score 1 ANL Score 2 Mean Score 
N01 6 0 3 
N02 4 4 4 
N03 2 0 1 
N04 0 10 5 
N06 0 2 1 
N07 14 20 17 
N08 2 4 3 
N09 -2 -1 -1.5 
N10 8 6 7 
N11 -2 6 2 
N12 0 0 0 
N14 -8 0 -4 
N15 6 10 8 
 
 
Table 1 Mean Standard 
Deviation 
Range 
ANL (Overall) 3.5 5.2 -4 to 17 
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Table 2: Correlations between ANL scores and Quality Scales: 
Rating Scale and dB SNR ,-./012"31//-4.5612" 7689":#;"5.64-<=":>;"?.4@-=":AAA"62<6B.5-0"06826C6B.25"B1//-4.5612="
D"
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Table 3: Sound Quality Ratings at ANL Scores 
Subject ANL 
(dB 
SNR) 
Overall Clarity Pleasantness Loudness Background Noise 
N01 3.0 4.8 5.4 4.7 4.8 5.2 
N02 4.0 4.2 2.9 4.3 4.6 7.0 
N03 1.0 1.6 2.0 2.4 4.6 7.0 
N04 5.0 3.2 3.4 2.7 5.6 5.6 
N06 1.0 3.8 3.9 4.4 7.4 7.2 
N07 17.0 4.4 4.0 4.4 3.7 5.6 
N08 3.0 1.8 2.0 2.7 3.7 7.4 
N09 -1.5 2.2 3.2 3.7 8.6 7.4 
N10 7.0 5.0 4.5 5.2 4.4 4.8 
N11 2.0 5.2 5.4 4.6 5.2 4.8 
N12 0.0 5.6 4.0 4.3 6.4 5.5 
N14 -4.0 2.0 2.7 2.4 6.6 7.8 
N15 8.0 4.8 4.8 4.2 5.4 5.4 
Average 3.5 3.7 3.7 3.8 5.5 6.2 "
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Figure 1: Average quality ratings from the 13 normal-hearing subjects are shown as a 
function of the dB SNR for each of the five rating scales.   Error bars have been included 
showing the standard deviation of the quality ratings. 
Figure 2: Scatter plots of ANL scores and quality ratings are shown for the conditions 
(scale and dB SNR) in which correlations were significant. The figure includes the R2 
value and p-value on it. 
Figure 3: Quality Ratings at the dB SNRs corresponding to individual listeners’ ANL 
scores are shown for each of the five quality scales. The symbol “X” indicates average 
quality rating that occurred at the dB SNRs corresponding to the listeners’ ANLs.  
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